Determinants of performance and mechanical efficiency of effort have been made on a group of ten male nordic skiers, all participants in the University of Toronto ski-team. The oxygen intake at the maximum attainable speed of skiing on a level course averaged 89.6 percent of the maximum oxygen intake observed during uphill treadmill running; the latter (average 63.9 ml.kg 1 min-') may be compared with values > 80 ml.kg 1 min-for international competitors. Maximum heart rates and respiratory gas exchange ratios were generally lower during skiing than running, and it is suggested that the maximum oxygen intake attained during skiing is limited by the individual's skill. In support of this the more experienced skiers were able to reach close to 100 percent of the treadmill maximum oxygen intake during level skiing.
INTRODUCTION
The last several winters have seen a tremendous increase of nordic (cross-country) skiing in North America, probably as a reaction to both the long line-ups and frequent injuries encountered in the downhill sport. The present paper focuses on two aspects of nordic skiing -(a) mechanical efficiency and (b) the characteristics of those successful in this type of activity. It is based largely on experience gained in the testing and coaching of average competitors, ten male members of the University of Toronto ski team.
PHYSICAL CHARACTERISTICS
Physical characteristics are shown in Table I . Height, weight, and grip strength were much as in the normal young Canadian man but lean mass (at 331 g/cm) was above average. The percentage of body fat was below the national average, but nevertheless was higher than reported values for international skiers and other toplevel endurance athletes (Hanson, 1974; Shephard, 1978a, b) .
POWER OUTPUT
The possible speed of sustained skiing depends on the maximum oxygen intake of the individual, the percentage of this maximum that can be developed while skiing, the efficiency of conversion of the released energy into external work, the nature of the terrain, and snow conditions. V02 (max) data for treadmill and skiing tests were compared by a standard paired t test. (Shephard et al., 1968) . This was shown by a plateauing of oxygen consumption, with appropriate values for maximum heart rate and respiratory gas exchange ratio. As expected, the group was of above average cardio-respiratory fitness, although scores were much less than in international class skiers (Shephard, 1978a, b) .
The skiing data were obtained on a 300 metre circular, level track. All participants used "Jarvinen" racing Respiratory minute volume, maximum heart rate, respiratory gas exchange ratio and oxygen pulse were also lower on skis than on the treadmill. The body fat influenced performance because there is a direct relationship between body mass and ski friction. In the present experiment the subjects wore only a standard light-weight skiing uniform. However, when making a longer journey across the tundra, frictional work would be increased proportionately by any load that had to be carried.
In very long-distance events (more than 2.5 hours), most subjects use only about 80 percent of their maximum oxygen intake (Hedman, 1957) 1 kg.m-2. Given a frontal area of 0.7 -0.8 m2 and a frontal coefficient of 1.0, the drag force is thus 0.7 -0.8 kg for a fast-moving skier (Pugh, 1976) . Drag naturally increases with a projecting back-pack, or adoption of a more upright posture. In our experiment, drag work amounted to some 1.7 kg.min'1, about 13% of the frictional cost. Overall mass and care in waxing are plainly more important considerations for a skier than the streamlining of his back-pack.
The overall mechanical efficiency of level skiing on a prepared trail is thus quite high. Assuming our subjects were using 85 percent of their maximum oxygen intake, the total oxygen consumption would have averaged 3.6 l.min'l, equivalent to an energy expenditure of 75.5 kg.min'1. Assuming further a basal energy expenditure of 5.1 kg.min-1, the net cost of skiing would be 70.4 kg.min'l. Since the total work performed was 14.9 kg.min-1 (Table IV) (Shephard, 1977 (Durnin and Passmore, 1967) .
However, if walking in snow, the energy needed to cover a given distance can be several times greater than that for skiing. Middle-aged subjects approach their V02 max if they attempt to maintain a normal walking speed through deep snow.
Snowshoes are normally intermediate in efficiency between walking and cross-country skiing, but in some circumstances (for instance a heavy fall of new and lightly packed snow) they can be the preferred method of transport. It is interesting to note that in their classical paper, Christensen and Hogberg set the energy cost of cross-country skiing more than 50 percent higher than the figure we have estimated for steady performance on a prepared level trail (Christensen and Hdgberg, 1950) .
Presumably, their figure reflects the lower efficiency of hill climbing, loss of energy in snow-ploughing descents, and the costs of occasional trail breaking. However, even when crossing uneven terrain, there seems little question that skis are superior to walking once the ground has a moderate snow cover.
